Background: This study investigated whether there is any difference in drinking amount associated with abnormal expression of gamma-glutamyl transpeptidase (GGT), one of the biological markers of excessive drinking, between flushing and non-flushing women after drinking Methods: The subjects were 797 women aged 20-59 years old who visited health promotion center of Chungnam National University Hospital between January, 2013 and July, 2014. Facial flushing status after drinking, amount of alcohol consumed per drinking episode, and the number of drinking days per week were assessed using a questionnaire. Age, abnormal GGT expression, smoking status, menopauase status, and body mass index (BMI) were obtained from the health screening data. The weekly drinking amount were categorized into < 4 drinks; ≥ 4, < 8 drinks; and ≥ 8 drinks. The association of abnormal GGT expression with weekly drinking amount was analyzed using multivariate logistic regression after controlling for confounding variables including age, smoking status, menopauase status, and BMI. Results: Compared to nondrinkers, the abnormal GGT expression in the non-flushing group was significantly increased when the weekly drinking amount was ≥ 4 drinks ( ≥ 4, < 8 drinks: adjusted odds ratio [aOR], 37.568; 95% confidence interval [CI], ≥ 8 drinks: aOR, 20.350; 95% CI,). On the other hand, the abnormal GGT expression in the flushing group was significantly increased in every weekly drinking amount range ( < 4 drinks: aOR, 4.120; 95% CI, 1. ≥ 4, < 8 drinks: aOR, 79.206; 95% CI, ≥ 8 drinks: aOR, 111.342; 95% CI,). For each weekly drinking amount range, the flushing group showed significantly higher abnormal GGT expression than the non-flushing group ( < 4 drinks: aOR, 3.867; 95% CI, ≥ 4, < 8 drinks: aOR, 57.277; 95% CI, ≥ 8 drinks: aOR, 104.871; 95% CI,. Conclusion: This study showed that abnormal GGT expression in the flushing female drinkers was induced by smaller amounts of alcohol than in the non-flushing female drinkers.
INTRODUCTION
Reactions to the same amount of alcohol vary by individual and sex. One of the common reactions to drinking is facial flushing, caused mainly by accumulation of acetaldehyde. Genetic polymorphisms in alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) are known to affect alcohol metabolism. 1) Acetaldehyde metabolism capacity is especially decreased when inactive ALDH2 isoenzyme is expressed, known as the Asian variant. People with the inactive form of the ALDH gene experience symptoms including vasodilation, facial flushing, palpitations, nausea, and vomiting due to accumulation of acetaldehyde after drinking. 2) This difference in the capability of acetaldehyde metabolism results in different individual capacities for metabolizing consumed alcohol. [3] [4] [5] While only 2.9%-21.4% of Westerners show facial flushing after drinking, up to 40%-50% of Asians show facial flushing, [6] [7] [8] as a significant number of Asians carry the above-mentioned ALDH2 with markedly reduced enzymatic activity. 9) As modern women participate more in social activities, and women's awareness and the social codes on drinking, once considered only man's domain, have been changed, the amount and frequency of women's drinking has increased rapidly. 10) Women have different drinking behaviors from men. In general, women are older than men when they begin drinking, and they drink smaller quantities and less frequently. Additionally, more women drink alone than men. 11, 12) Women metabolize alcohol less efficiently than men because of their lower ADH levels, 13) and higher body fat content, 14) which is why the National Institute on Alcohol Abuse and Alcoholism (NIAAA) 15) recommends that women drink < 7 standard drinks per week, about the half of the recommendation for men. In addition, the risk of fetal alcohol syndrome is representative of the uniqueness of drinking issues in women. Therefore, alcohol problem in women carries the possibility of more serious damage.
Meanwhile, gamma-glutamyl transpeptidase (GGT) is a liver enzyme, the expression of which is increased by blockage of the bile duct, certain drugs, or, especially, alcohol. Moreover, American Psychiatry Association recommends GGT as one of the excessive drinking indicator. 16) Since the flushing group after drinking metabolizes less acetaldehyde than the non-flushing group, they are expected to maintain higher blood levels of alcohol and acetaldehyde, resulting in increased abnormal GGT expression. Although there are many reports on the effects of drinking in men, especially on facial flushing, it is difficult to find a report on the relationship between risky drinking amounts and facial flushing in women. Therefore, this study investigated whether there is any difference in the drinking amount related to the GGT abnormality between flushing and non-flushing women after drinking.
METHODS

Study Subjects
Among women aged 20-59 years old who were screened at health promotion center of Chungnam National University Hospital between January, 2013 and July, 2014, 797 women were selected as study subjects. Women who were positive on hepatitis B surface antigen or anti hepatitis C virus, or on medications were excluded. There were 356 nondrinkers and 441 drinkers (137 flushers and 304 non-flushers after drinking).
Study Methods
The subjects' basic data were obtained from retrospective review on the medical records written at the time of comprehensive health examination. The data included age, smoking history, height, weight, menopause status, and body mass index (BMI), which was calculated using height and weight measured at screening. Drinking-related characteristics included the single episode drinking amount for the past year, the weekly drinking frequency, and facial flushing status after drinking. For drinking amounts, 14 g of alcohol was converted to '1 standard drink' based on the NIAAA guideline.
15) The weekly drinking amount was calculated as the product of the weekly drinking frequency and the single episode drinking amount. The status of facial flushing after drinking was responded as 'always flushing, ' 'sometimes flushing, ' or 'never flushing. ' Those who responded with 'always flushing' or 'sometimes flushing' were classified into the flushing group, and those who responded with 'never flushing' into the non-flushing group. This classification was based on the study by Yokoyama et al., 17) in which facial flushing after drinking was classified as just described above, the sensitivity and specificity for identifying the inactive ALDH2 genotype was 96.1% and 79.0%, respectively.
Statistics
With the nondrinking group as the standard, the general characteristics of the flushing and non-flushing groups were compared using chi-square and t-tests. Considering a bottle of soju, the most popular liquor among Koreans, to be equivalent to 4 standard drinks, the weekly drinking amount was divided into < 4 drinks; ≥ 4, < 8 drinks; and ≥ 8 drinks. The incidence of subjects with abnormal GGT expression per weekly drinking amount was compared to the incidence in the nondrinking group using the chi-square test. Based on the nondrinkers, the risk for abnormal GGT expression in each weekly drinking amount range was analyzed by logistic regression after controlling for confounding variables including age, smoking status, menopause status, and BMI. In addition, the risk of abnormal GGT expression in the flushing group was analyzed on the basis of non-flushing group. IBM SPSS for Windows ver. 20.0 (IBM Co., Armonk, NY, USA) was used for statistical analysis, and 
RESULTS
General Characteristics of the Study Subjects
The mean ± standard deviation (SD) age of the nondrinking group was 47.05 ± 9.12 years. The mean ± SD age of the facial flushing and non-flushing group was 44.27 ± 8.66 years and 42.94 ± 9.08 years, respectively. The age was significantly (both P < 0.001) lower in both non-flushing and flushing group than the nondrinking group. In addition, compared to the 2.2% smoking rate in the nondrinking group, the smoking rate was significantly higher in the flushing group (14.6%, P < 0.001) and the non-flushing group (9.5%, P < 0.05). The menopause rate was significant lower in both flushing group (24.8%, P < 0.05) and non-flushing group (21.05%, P < 0.01) than nondrinking group (37.1%). Compared to the nondrinking group, the GGT level was significantly higher in the flushing and the non-flushing group (both P < 0.001). Neither weight nor BMI in the flushing and non-flushing group were significantly different from that in the nondrinking group (Table 1) .
Risk for Abnormal Gamma-Glutamyl Transpeptidase Expression according to Weekly Drinking Amount in Flushers and Non-Flushers
In the nondrinking group, 3.4% of subjects showed abnormal GGT levels. In comparison, the rate of abnormal GGT levels was significantly higher in the flushing group than the nondrinking group in every weekly drinking amount range: 17.3% (P<0.05) for the < 4 drinks range, 79.3% (P < 0.01) for the ≥ 4, < 8 drinks range, and 81.5% (P < 0.01) for the ≥ 8 drinks range. On the other hand, the abnormal GGT expression rates in the non-flushing group were significantly higher at ≥4 drinks: 34.8% (P<0.01) for ≥ 4, < 8 drinks and 48.8% (P < 0.01) for ≥ 8 drinks (Table 2) . On the basis of nondrinking group, multivariate logistic regression analysis was performed to determine the risk of abnormal GGT expression among the flushing and non-flushing groups, 
Comparison of the Risk for Abnormal Gamma-Glutamyl Transpeptidase Expression of Flushers and Non-Flushers
After adjusting for age, menopause status, smoking status, and BMI, multivariate logistic regression was performed to compare the risk of abnormal GGT expression of the flushing with non-flushing groups. 
DISCUSSION
Based on the results of many studies, the guidelines of moderate or risky drinking amounts related to health have been suggested. The Western drinking standards, however, may be inappropriate for Koreans, because many of whom are physically smaller and deficient in ALDH2 compared to Westerners. Unfortunately, few studies have attempted to identify the appropriate drinking level for Koreans. Furthermore, there are hardly any studies focused on determining the appropriate drinking level for Korean women. The present study has significant meaning because it bridges this gap in knowledge. It investigated the association of women's alcohol consumption with their risk of abnormal GGT expression. In addition, the current study further suggested that, depending on their facial flushing status after drinking, different levels of alcohol consumption may be associated with abnormal GGT expression in Korean women.
In this study, the weekly drinking amount associated with abnormal GGT expression in women without facial flushing after drinking was 4 drinks, which is the half of the men's drinking amount suggested by previous domestic study. Kim et al. 18) found that consuming 8.75 drinks or more was associated with abnormal GGT expression in Korean men without facial flushing after drinking. This is consistent with findings by Frezza et al. 19) that women are more affected by alcohol than men, because the blood alcohol level in women was higher when the same amount of alcohol was consumed, likely due to the higher body fat percentages and fewer alcohol metabolizing enzymes in women. Thus, abnormal GGT expression can be induced by a smaller amount of alcohol consumption in women than in men. In addition, the NIAAA's recommendation that women drink half the amount recommended for men seems to further support the results of the present study. 15) Another interesting result of the current study is that abnormal GGT expression was observed with > 4 drinks in women without facial flushing, which is less than the moderate drinking amount (<7 drinks) recommended for women by the NIAAA. 15) This finding is considered to be consistent with the findings of a study by Kim et al. 18) in which abnormal GGT expression was induced in Korean men without facial flushing after 8.75 drinks, which is less than the moderate drinking amount (14 drinks) recommended for Western men by the NIAAA.
15) It is also in agreement with the findings of a study by Kim et al. 20) in which, in terms of the risk of hyperhomocysteinemia, they suggested alcohol consumption of < 8 drinks for Korean men. This indicates that the moderate drinking amount for physically smaller Koreans should be less than the standard proposed by the NI-AAA. 15) Unlike the non-flushing group, in the present study the risk of abnormal GGT expression increased in all drinking ranges of the flushing group compared to that in the nondrinking group. This is consistent with the findings of a study by Kim et al. 18 ) that showed that abnormal GGT expression in the flushing group was induced by smaller amounts of alcohol than in the nonflushing group. Similarly, another study by Kim et al. 20) showed that the risk of hyperhomocysteinemia in the flushing group was only decreased with the consumption of < 4 drinks, whereas the risk in the non-flushing group decreased with the consumption of <8 drinks. Moreover, the result of the current study are further supported by those of Jung et al. 21) in which the hypertension risk increased at > 4 drinks in the flushing group, whereas the risk increased at > 8 drinks per week in the nonflushing group. A marked increase in the risk of abnormal GGT expression in the flushing compared to that in the non-flushing group can be interpreted as a greater influence of unmetabolized acetaldehyde in subjects with facial flushing.
ALDH polymorphism that causes facial flushing after drinking is commonly seen in Asians, including Koreas. Despite the potential risks associated with drinking, many of these people drink. From the clinician's point of view, this is an important social problem in Korea. The drinking culture in Korea values the sense of belonging and friendship obtained through drinking communally. Therefore, the Korean clinical environment should emphasize educating people about the adverse effects of excessive drinking and the various individual differences that may affect drinking outcomes, including facial flushing, when drinking.
This study had some limitations. First, in this study, the facial flushing and non-flushing group dividing was based only on the questionnaire proposed by Yokoyama et al. 17) Second, the subjects were recruited from a single university hospital. Third, it was not a long-term follow-up study of drinking patterns, but a cross-sectional study. Fourth, the small number of subject drinking more than 4 drinks per week might cause high OR and wide 95% CI in logistic regression.
Despite these limitations, the present study is significant, as few similar studies have been conducted. Our result suggest that the extent to which drinking in Korean women contributes to the risk of abnormal GGT expression can vary depending on the presence of facial flushing. Therefore, it is necessary to consider the facial flushing status after drinking as well the amount of alcohol consumed when consulting with patients who drink.
